Purpose: Several Medline search strategies exist to retrieve complementary and alternative medicine (CAM) literature related to oncology. The objective of this study was to compare different search methods to ascertain the most optimal strategy. Methods: All clinical trials with CAM interventions in patients with cancer, published from 1965 to 2004, were abstracted using 4 different approaches. In the CAM filter search, the PubMed complementary medicine filter was used. The Ovid search was performed using a complex search strategy with the Ovid search engine. CAM keyword and not phytogenic searches involved the CAM filter search with the addition of the search terms "AND (complementary OR alternative)" and "NOT (antineoplastic agents, phytogenic), respectively. Articles were evaluated by 3 reviewers to ascertain whether they were clinical trials, the study intervention was related to CAM, and the condition prevented/treated was cancer related (inclusion criteria). Results: The CAM filter search retrieved 10 718 citations, Ovid retrieved 1190, CAM keyword retrieved 2895, and not phytogenic retrieved 1806. Compared to the CAM filter search, all other methods had significantly lower sensitivity (Ovid 48.3% ± 3.2%, CAM keyword 5.8% ± 1.5%, and not phytogenic 77.9% ± 2.7%, P < .001). The specificity of Ovid (38.4% ± 2.8%) and not phytogenic (40.8% ± 2.3%) searches was significantly higher (P < .001) compared to CAM filter (8.8% ± 0.5%) and CAM keyword searches (1.9% ± 0.5%). Conclusion: The search strategy using PubMed's complementary medicine filter, although comprehensive, lacks specificity; other methods, although more specific, lack sensitivity. Future indexing of all CAM clinical trials with a common medical subject heading term complementary medicine would enhance efficient retrieval of relevant citations.
Complementary and alternative medicine (CAM) therapies are widely used by patients with cancer, [1] [2] [3] [4] are aggressively advertised by manufacturers, 5 and have a potential for efficacy as well as harm. [6] [7] [8] [9] [10] Reliable tools for conducting efficient literature search on CAM interventions are particularly important since oncologists often lack evidence-based information about these treatments. 11, 12 Medline is the most comprehensive biomedical database that is searchable using multiple search engines. 13, 14 Entrez (PubMed) and Ovid are the 2 most commonly used search engines. 15, 16 Efficient Medline searching has revolutionized data retrieval and the practice of medicine. [17] [18] [19] [20] The number of Medline searches performed in 1 month in September 2005 was estimated to be more than 70 million, compared to 0.1 million searches in January 1997. 21 Several Medline search strategies can be used to retrieve CAM literature. [13] [14] [15] Both PubMed and Ovid offer basic and advanced search tools to efficiently retrieve relevant citations. 15, 22, 23 In addition, PubMed also offers a complementary medicine filter that helps users limit the search to citations related to CAM. 24 Previous studies have evaluated different search strategies for retrieving pertinent citations from Medline. [25] [26] [27] [28] [29] However, to our knowledge, no study has compared different search methods for retrieving CAM clinical trials.
The present study was designed to identify the most optimal search strategy to retrieve CAM clinical trials in oncology. A related objective was to evaluate the PubMed complementary medicine filter and compare it with other search methods.
Methods
Two primary search methods were used with the help of an expert librarian. In the CAM filter search, all clinical trials in PubMed were abstracted using the search terms cancer or tumor or neoplasia, with limits set at clinical trials, 1964-2004, humans, and complementary medicine subset/filter. 24 The Ovid search was performed using the Ovid search engine, with a complex search strategy developed by the librarian to retrieve all the pertinent articles.
Additional searches were performed to understand the reason for suboptimal performance of the above 2 methods. The CAM keyword search involved adding an extra search term to the CAM filter search: and (complementary or alternative). The aim of this search was to refine the output obtained from the CAM filter search. The not phytogenic search used the CAM filter search, with the addition of the search term NOT (antineoplastic agents, phytogenic). This was performed to exclude articles related to chemotherapeutic agents obtained from plant extracts.
Articles retrieved from the above searches were independently evaluated by 3 reviewers to ascertain whether they were clinical trials, the study intervention was related to CAM, and the condition prevented/ treated was cancer/cancer related (inclusion criteria). The standard definition of CAM as defined by the National Center for Complementary and Alternative Medicine was used. 30 Minor disagreements between reviewers were resolved by consensus. Basic descriptive statistics were used, and a χ 2 test was used to compare the search strategies. Sensitivity ([number of relevant citations retrieved/number of relevant citations in database] × 100) and specificity ([number of relevant citations retrieved/total number of citations retrieved] × 100) were calculated using standard methodology previously described. 31 
Results
The CAM filter search retrieved a total of 10 718 articles (Table 1 ). Of these, only 8.8% (947/10 718) of the trials were relevant (fulfilled the 3 inclusion criteria). The Ovid search retrieved 1190 articles, of which 38.4% (457/1190) were relevant. Using the CAM keyword search, a total of 2895 articles were retrieved, of which 1.9% (55/2895) were relevant. Finally, using the not phytogenic search, a total of 1806 articles were retrieved, of which 40.8% (738/1806) were relevant.
The CAM filter search identified all the relevant articles, with the other 3 search methods not adding any additional relevant articles, and thus it was the most sensitive search method. The CAM keyword search had the lowest sensitivity (5.8% ± 1.5%) and was significantly lower than the other 3 searches (P < .001). The Ovid search had a lower sensitivity (48.3% ± 3.2%) than the not phytogenic search (77.9% ± 2.7%), but this was not statistically significant. With respect to specificity, the Ovid (38.4% ± 2.8 %) and not phytogenic (40.8% ± 2.3%) searches were both significantly (P < .001) higher than the PubMed search (8.8% ± 0.5%). The CAM keyword search had the least specificity (1.9% ± 0.5%).
The reasons for exclusion of nonrelevant trials are summarized in Table 2 . The CAM filter and not phytogenic searches identified a higher number of studies wherein interventions were not related to CAM (68.8% and 59.7%), the CAM keyword search identified a higher number of studies not related to cancer patients (58.6%), and the Ovid search identified a higher number of studies that were not designed as a clinical trial (34.3%), as compared to other search methods.
Discussion
This study shows that the presently available tools in Medline are suboptimal for efficient retrieval of CAM clinical trials in oncology. The PubMed CAM filter search method, while sensitive, lacks specificity. The Ovid and not phytogenic searches were more specific but not sensitive. Finally, the CAM keyword search was neither sensitive nor specific.
The present study, to our knowledge, is the first to report on the efficiency of Medline search strategies to retrieve trials testing CAM interventions and could help oncologists decide the search strategy they wish to employ depending on their objective. Search methods to increase sensitivity usually compromise specificity and vice versa. The preferred strategy to apply in a particular case is largely dictated by the objective.
Search strategies to answer a clinical question usually require a more specific search to save a clinician's time, while strategies undertaken by researchers require a more sensitive approach to be comprehensive. 28, 31 Several previous studies evaluating the performance of search strategies in other areas of medicine have reported sensitivity in the range of 90% and specificity greater than 80%. [25] [26] [27] [28] [29] To understand the reason for lack of specificity of the CAM filter, we evaluated the individual elements of the filter. The current PubMed CAM filter has a long list of search terms (word count of 2194), with several nonspecific search terms (such as complementary, alternative, adjuvant, high dosage, large dosage, supplement, antioxidant, cell therapy, and diet) that contribute to the lack of specificity of search output. 32 Similarly, the CAM keyword search was not helpful since the search terms complementary and alternative are also nonspecific.
Second, more than half of the nonrelevant trials identified by the CAM filter were related to chemotherapy, particularly paclitaxel/docetaxel or vinblastine. Since these are plant-derived compounds, they were identified as CAM by the CAM filter. 33, 34 Therefore, the not phytogenic search was more specific. However, the latter search had the limitation that it missed relevant articles, particularly those related to the use of CAM during chemotherapy.
Results from the Ovid search, while more specific, had about 50% sensitivity. This is partly because a comprehensive search using Ovid is difficult because of the availability of a wide variety of CAM modalities. This could be circumvented if all the CAM trials are uniformly indexed with a specific medical subject heading (MeSH) term such as complementary medicine. MeSH is a controlled vocabulary of more than 17 000 terms, and each MeSH term represents a single concept appearing in the medical literature. Searches using MeSH terms have higher sensitivity and precision. 20, 35 MeSH and text word searching are recommended to be used in combination to maximize the efficiency of the search. 36 This study has several limitations. The first limitation relates to the difficulty in defining what constitutes CAM. However, this had minimal impact on the study results, since most of the studies excluded as non-CAM were clearly related to conventional treatment, without any ambiguity. Furthermore, we used the standard definition of CAM. 30 Second, searches using other databases such as EMBASE and CINAHL were not performed as the focus was to assess the most comprehensive and widely used database (Medline). Third, there may potentially be more efficient search methods, particularly in the Ovid search engine, that were not identified in this study.
The study has several strengths. First, it was based on a comprehensive search identifying all CAM trials related to oncology published from 1965 to 2004. Second, all the elements of the CAM filter were evaluated to understand its lack of specificity, and words that could potentially be deleted from the filter have been identified. Third, to enhance duplication and reliability, the search was performed independently by 3 researchers. Finally, the team was composed of an expert librarian and clinician-investigators with specific interest in CAM and Medline searching.
In summary, better search strategies are needed to efficiently retrieve CAM clinical trials in oncology. To this effect, refining the PubMed CAM filter by removing some of the nonspecific search terms identified in this study would help. Searches using Ovid will need to be comprehensive, mixing MeSH and text words describing specific CAM interventions, along with close communication between the librarian and physician-researcher. Finally, uniformly indexing CAM clinical trials with the already existing MeSH term complementary medicine will likely facilitate efficient retrieval of relevant citations. a. A minority of articles could be classified into more than 1 category. However, for clarity, they were classified only into 1 category (not CAM > not cancer > not clinical trial). b. The CAM filter and not phytogenic searches identified a significantly higher number of studies wherein interventions were not related to CAM. The CAM keyword search identified a higher number of studies not related to cancer patients, and the Ovid search identified a higher number of studies that were not designed as a clinical trial, as compared to other search methods. All the P values were <.01.
